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BEACON EXPLORER-C 
USES 'TRAIN WHISTLE EFFECT' 
I N  EARTH MEASUREMENT 
The Nat ional  Aeronautics and Space Administration will 
launch no e a r l i e r  than  March 30 i t s  newest s a t e l l i t e , u s i n g  
the  " t r a i n  whistle e f f e c t "  of an o r b i t i n g  r a d i o  s i g n a l  t o  
map i r r e g u l a r i t i e s  i n  the E a r t h ' s  g r a v i t a t i o n a l  f i e l d .  
The Beacon Explorer-C (BE-C) w i l l  be  t h e  first NASA 
s a t e l l i t e  w i t h  geodesy as i t s  primary mission. Geodesy is  
the measurement of t h e  Earth 's  s i z e ,  shape, mass, and 
v a r i a t i o n s  i n  g rav i ty .  
The " t r a i n  whis t le"  e f f e c t  refers  t o  what s c i e n t i s t s  
c a l l  t h e  Doppler s h i f t ,  t he  s h i f t  i n  frequency of a sound 
( o r  r a d i o )  wave received from a moving source.  
As a t r a i n  approaches a person s tanding  near t h e  t r ack ,  
he h e a r s  the whis t le  s h i f t i n g  t o  a higher  frequency (h ighe r  
p i t c h )  than  that  a c t u a l l y  emitted and t o  lower f requencies  
as the  t r a i n  passes and goes away. 
-more- 3/24/65 
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The s i z e  of the  Doppler s h i f t ,  o r  s h i f t  i n  p i t c h ,  
depends on how fast  the  t r a i n  i s  going, how fa r  t h e  l i s t e n e r  
i s  from the t r a c k  and where t h e  t r a i n  i s  along the  t r ack .  
T h u s ,  i f  t h e  l i s t e n e r  could measure the  Doppler s h i f t  a t  
s e v e r a l  d i f f e r e n t  t i m e s  he could quick ly  compute where t h e  
t r a i n  i s  w i t h  r e spec t  t o  where he is  and how fas t  i t  i s  going. 
If the  Earth were a p e r f e c t  sphere, a s a t e l l i t e  would 
t r a v e l  along a smooth curve c a l l e d  an  e l l i p s e .  However, 
i r r e g u l a r i t i e s  i n  the Earth 's  shape cause t h e  o r b i t  t o  be 
d i f f e r e n t  and t h e r e f o r e  cause t h e  Doppler s h i f t  of r a d i o  
s i g n a l s  from the  spacec ra f t  t o  be d i f f e r e n t  from what would 
be expected f o r  an  e l l i p t i c  o r b i t .  It i s  by a n a l y s i s  03 t h e s e  
s l i g h t  changes t h a t  the shape of the  E a r t h  i s  f i c u r e d  out  of 
t h e  research  program which uses  t h e  Doppler data. 
A secondary mission o b j e c t i v e  w i l l  support  t he  most 
ex tens ive  i n t e r n a t i o n a l  coopera t ive  space e f f o r t  eve r  under- 
taken, involving 86 ground s t a t i o n s  i n  36 c o u n t r i e s o  T h i s  
i s  a g l o b a l  survey of t h e  e l e c t r o n  conten t  of c ross -sec t ions  
of the  ionosphere, and measurements of' e l e c t r o n ' d e n s i t i e s  
and temperatures i n  the  immediate v i c i n i t y  of t h e  spacec ra f t .  
-more- 
The ionosphere a c t s  (zsz Zigant ic  e l e c t r i f i e d  mi r ro r  i n  
space f o r  r e l ay ing  long-rarige r a d i o  commnicat ions.  Free 
e l e c t r o n s  p l ay  a v i t a l  ro i e  i n  this phenomena. 
The  new Explorer a l s o  w i l l  be eqsipped to eva lua te  f u r t h e r  
the  use  of laser ( l i c n t  a r2pl i f ica t ion  by s t imula ted  emission 
of r a d i a t i o n )  techniq.Jes i n  der iv ing  o r b i t a l  ar,d geodet ic  
information and f o r  deep space communication. 
A r a d i o  a t t e n u a t i o n  experiment, w i l l  be  contained on 
t h e  second stage of t h e  four -s tage  Scout launch veh ic l e .  
A s  w i t h  t h e  g l o b a l  survey  of' e l e c t r o n  counts,  tne laser 
experimentat ion was pioneered by the first Beacon Explorer 
t o  achieve o r b i t ,  Explorer X X I I ,  launched Oct. 9, 1964. 
Both p r o j e c t s  a r e  cont inuing w i t h  'chat s l iccessful  spacecrai ' t  , 
The 132-pound, windmill-shaped BE-C w i l l  b e  launched 
from NASA's Wallops S t a t i o n ,  Wallops I s l a n d ,  Va., by a s o l i d -  
P r o p e l l a n t  Scout.  The planned nea r -c i r cu la r  o r b i t  calls f'or 
a h igh  po in t  of about 670 miles  (1,080 k i lome te r s )  and a low 
p o i n t  of about 620 miles (1,000 k i lome te r s )  . The p lane  of' 
t he  o r b i t  will be i n c l i n e d  11-1 dej::rees to t h e  Equator.  T h e  
s p a c e c r a f t  w i l l  complete a n  o r b i l ;  i n  about one hour and ;;5 
minutes.  
-more- 
The spacec ra f t  is  expected t o  have an ope ra t ing  l i f e t i m e  
of about one year .  
Explorer X X I I  and RE-C are p h y s i c a l l y  i d e n t i c a l  except 
that  t h e  new s a t e l l i t e  w i l l  f l y  a laser s i g n a l  d e t e c t o r ,  a 
photo-sensi t ive device,  designed t o  confirm s t r ikes  made by 
the ground-aimed l i g h t  beam during experiments when t h e  
spacec ra f t  passes  within range. 
Explorer XXII was launched by a Scout from Vandenberg 
AFB, Calif ,  (formerly the U.S. Navy's P a c i f i c  Missile Range), 
i n t o  an o r b i t  i n c l i n e d  80 degrees t o  the Equator,  It s t i l l  
i s  providing e x c e l l e n t  data, inc luding  geodet ic  information 
from i+,s Doppler experiment,  
The first  Beacon Explorer,  launched from Cape Kennedy, 
Fla., Narch 19 l a s t  ,year, d i d  not  achieve o r b i t  due t o  a 
f a i l u r e  of t h e  Del ta  laulich v e h i c l e  . 
Other s a t e l l i t e s  i n  the NASA geodet ic  program, announced 
last  f a l l ,  include two Geodetic Explorers  (GEOS A and B) ,  t h e  
f i r s t  of which will be launched l a t e r  t h i s  year ,  and a pass ive  
s a t e l l i t e  (PAGEOS), similar t o  Echo I, scheduled f o r  launch 




The geodet ic  s a t e l l i t e  program is  d i r e c t e d  by NASA with 
t h e  Department of Defense and the Department of Commerce as 
pr inc ipa l .  p a r t i c i p a n t s .  
The RE-C p r o j e c t  i s  p a r t  of t h e  s c i e n 5 i f i c  and space 
expJ.or8-tlon efforts of NASA x Off i c e  of Space Science and 
App1.ica.tj.ons. P ro jec t  management of t h e  s a t e l l i t e  i s  ess igned  
t o  the Goddard Space F l i g h t  Center, Greenbelt ,  Md. 
Working with  Goddard are t h e  Universi ty  of I l l i n o i s ,  
Pennsy1.vanj.a S t a t e  Universi ty ,  S tanford  Universi ty ,  t h e  Central 
Radio Pr'opagation LaboraLory of t h e  National Bureau of S;;ancir?rcl:, , 
a n  agency of' t h e  U.S. Department of Commerce, and the JOIIIIS 
Hopkins Unjvers i ty ' s  Applied Physics Laboratory (APL) Whj ch 
designed and b u i l t  t h e  sa te l l i t e .  
The el .ectron d e n s i t y  probe experiment was b u i l t  a t  
G0ddax.d. 
The laser experiment i s  d i r e c t e d  by NASA's Office o€ 
Ad.variced Research and Technology, under C-oddard p r o j e c t  super- 




The rad-io attenuation measurement experiment also is 
directed by OART with project supervision assigned to the 
Langley Research Center. 
The satellite-borce silica reflectors were produced by 
Boxton-Bee1 Co., Brooklyn, N.Y. The reflector array was 
assembled by General Electric Company's Space Technology Center, 
Valley Forge, Pa. 
(END OF NEWS RELEASE; TECHNICAL BACKGROUND FOLLOWS) 
SCIEITTIFIC OBJECTIVES 
The overall scientific objectives of the Beacon Explorer-C 
may be summarized as fcllows : 
Geodesy 
Basic geodetic investigations to be carried out by the 
satellite are concerned with gravimetric geodesy -- measuring 
Variations in the Earth's gravitational field. 
geodesy involves the detailed study of changes in the satellite's 
orbit by using the Doppler shift technique with radio sipals. 
The Doppler beacon systems on board have two coherent unmodulated 
continuous wave transmitters using frequencies in the 162 and 




Results from these investigations, coupled w i t h  those 
fi-om future geodetic satellites in the NASA series, will aid 
in more precise mapping of the Earth's surface and help 
broaden o u r  understanding of the Earth's gravitational field. 
Benefits expected from geodetic satellite studies include 
the potential to improve world-wide navigation f o r  ships at 
sea and the possibility of obtaining greater accuracy in 
calculating satellite and rocket trajectories, 
Data obtained also should aid in understanding the basic 
phenomena of gravitational fields and in learning how this 
knowledge can be applied to other celestial objects, 
Satellite-produced information w i l l  complement surface 
gravity measurements and provide a basis for exploring apparent 
correlations between regions of low terrestrial gravity with 
regions of excess heat f low from the Earth's interior. 
Dr. R. R e  Newton of the Johns Hopkins University Applied 
Physics Laboratory is the geodetic investigation. 
Ionosphere Survey 
The ionosphere survey portion of the BE-C mission, although 
no longer a Primary scientific objective, remains unchanged 
-more- 
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from Explorer XXII. It involves  t h e  g loba l  e f f o r t  t o  map the  
ionosphere us ing  the network of 86 ground s t a t i o n s  loca t ed  
i n  36 d i f f e r e n t  coun t r i e s  operated by 62 s c i e n t i f i c  o rgan iza t ions  
on a voluntary basis. (See map of s t a t i o n  l o c a t i o n s ) .  
Radio s i g n a l s  s e n t  by the  s a t e l l i t e  a r e  rece ived  by the 
ground s t a t i o n s  when t h e  s a t e l l i t e  i s  within range. Study of 
changes i n  t h e  r a d i o  s i g n a l s  as they  pass through t h e  ionosphere 
g ives  network s c i e n t i s t s  data bn t he  e l e c t r o n  conten t  of 
the ionosphere a t  a given t i m e  and p lace .  A s  w i t h  Explorer 
XXII, information will be exchanged through t h e  S c i e n t i f i c  
Data Center operated by the Goddard Space F l i g h t  Center,  
Greenbel t ,  Md. 
Analysis of s i g n a l s  t r ansmi t t ed  by t h e  s a t e l l i t e ' s  beacon 
t r a n s m i t t e r s  will he lp  s c i e n t i s t s  determine the  t o t a l  e l e c t r o n  
conten t  of a v e r t i c a l  c ros s  s e c t i o n  of t h e  ionosphere between 
t h e  s a t e l l i t e  and t h e  Ear th .  T h i s  information w i l l  a i d  i n  
understanding the behavior of t h e  ionosphere re la ted t o  
l a t i t u d e ,  t i m e  of day, season and solar cycle .  
+ #  
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Simi la r  information i s  being sen t  by Explorer X X I I ,  
o r b i t i n g  a t  an  angle  of i n c l i n a t i o n  of 80 degrees.  The 
i n c l i n a t i o n  for BE-C w i l l  be 41 'degrees .  
The beacons c a r r i e d  by BE-C a r e  descr ibed a s  f o u r  co- 
herent  unmodulated continuous wave t r a n s m i t t e r s .  The f r e -  
quencies used  a r e  20.005, 40.010, 41.01 and 360.00 mega- 
cyc les .  The s i g n a l s  a r e  picked up by ground s t a t i o n s  i n  t h e  
g loba l  network. 
A t y p i c a l  ground s t a t i o n ,  cos t ing  less than $5,000, 
c o n s i s t s  of s t r a i g h t  d i p o l e  antennas,  t h r e e  r a d i o  r e c e i v e r s ,  
a t iming device and a recorder .  
E lec t ron  Density and Temperature Probe 
The e l e c t r o n  dens i ty  and temperature experiment, pro- 
vided by Goddard, i s  an e l e c t r o s t a t i c  probe designed to 
provide a means f o r  measuring d i r e c t l y  e l e c t r o n  d e n s i t i e s  and 
temperature i n  t h e  immediate v i c i n i t y  of t h e  s a t e l l i t e .  T h i s  
information,  te lemetered to ground s t a t i o n s ,  w i l l  h e lp  sc ien-  
t i s t s  i n t e r p r e t  i n t e g r a t e d  e lec t ron-dens i ty  measurements a t  t he  
s t a r t i n g  poin t  of t h e  ionosphere beacon s igna l .  
-more- 
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Experience gained i n  the  laser  experiment w i l l  a i d  devel  
rnent of high-capaci ty  o p t i c a l  communications systems between 
E a r t h  and s p a c e c r a f t  deep i n  space.  
Ground s t a t i o n s  experimenting w i t h  Explorer  X X I I  ex- 
perienced d i f f i c u l t y  i n  confirming the r e t u r n  of t h e  l a se r  
beam from t h e  s a t e l l i t e  due t o  atmospheric i n t e r f e r e n c e  and 
d i s t o r t  ion .  
c -more- 
Laser Experiment 
Continuing the laser  ( l i g h t  beam) experiments inaugura- 
t e d  by Explorer  X X I I ,  NASA s c i e n t i s t s  w i l l  extend the  s tudy  
of techniques  r e q u i r e d  f o r  d e r i v i n g  geodet ic  and o r b i t a l  
information.  
The ra te  of r e v u r n  of the  l i g h t  beam t o  a ground device  
capable  of record ing  the r e t u r n  pu l se  i s  the basis of a satel-  
l i t e  o p t i c a l  t r a c k i n g  system being developed by the Goddard 
Space F l i g h t  Center.  These time measurements, coupled w i t h  
angu la r  data, w i l l  p r ec i se ly  l o c a t e  o r b i t i n g  s p a c e c r a f t  and 
expected t o  provide more a c c u r a t e  t r a c k i n g  methods t h a n  those  
c u r r e n t l y  i n  u s e .  
Resu l t s  a l s o  may lead t o  a more d e f i n i t e  de te rmina t ion  
of i r r e g u l a r i t i e s  i n  the E a r t h ' s  shape. 
.op- 
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T h i s  problem accounts  f o r  the only change i n  the laser 
experiment from Explqrer XXII the a d d i t i o n  of a l i g h t - s e n s i t i v e  
d e t e c t o r  on board the spacec ra f t .  
When the l a s e r  beam str ikes  the satel l i te ,  the d e t e c t o r  
will convert  t h e  l i g h t  t o  e l e c t r i c a l  energy and amplify i t .  
The s p a c e c r a f t  commutator w i l l  send a s i g n a l  t o  the ground 
t o  confirm t h e  s t r ike .  
An array of 360 fused  s i l i ca  r e f l e c t o r s  i s  mounted on 
t h e  spacec ra f t  t o  r e f l e c t  beams of l i g h t  s en t  by pulsed ground 
laser  t r a n s m i t t e r s  when the s a t e l l i t e  i s  wi th in  range and has 
been picked u p  by te lescope .  
The r e f l e c t e d  l i g h t  received by t h e  t e l e scope  au tomat i ca l ly  
w i l l  be ampl i f ied  by a photomul t ip l ie r  which conver t s  the 
o p t i c a l  impu l se  t o  an e l e c t r i c a l  s i g n a l .  
The laser  d e t e c t o r  was b u i l t  by APL. 
Radio Attenuat ion Experiment 
A secondary experiment sponsored by t h e  Langley Research 
Center  will be c a r r i e d  by the Scout veh ic l e  which w i l l  launch 
the  BE-C. It concerns the exhaust of t h e  second stage Castor  
rocke t  engine.  
-10- 
I n  the  upper atmosphere and i n  space,  combustion gases 
rushing from a rocket  Gngine nozzle  do not  form a compact J e t  
b u t  i n s t ead  f a n  out i n t o  a spreading shape engineers  c a l l  a 
rocke t  plume. The plume becomes w i d e r  as atmospheric p re s su re  
decreases .  
Ionized gases i n  the rocket  plume can block r a d i o  t r a n s -  
missions i n  much t h e  same way that r a d i o  blackouts  occur on 
r een te r ing  spacec ra f t  because of the ho t ,  ion ized  gas cap. 
The plume can a l s o  d i s t u r b  the o r d i n a r i l y  smooth a i r f l o w  along 
a launch v e h i c l e ,  i n  some cases  even c i r c u l a t i n g  exhaust gases  
i n  a forward d i r e c t i o n .  T h i s  may i n t e r f e r e  wi th  normal r a d i o  
t ransmiss ions  from a launch veh ic l e .  
Attached t o  t h e  Scout nea r  t h e  nozzle end of the second 
s t a g e  Castor w i l l  be two e x t e r n a l  pods conta in ing  r e s e r v o i r s  
of f o u r  m a t e r i a l s  t o  be i n j e c t e d  i n t o  the  rocket  plume while  
t h e  engine i s  f i r i n g .  Ma te r i a l  i n j e c t i o n  i s  known t o  be one 
e f f e c t i v e  way t o  a l low r a d i o  waves t o  p i e r c e  the reg ion  of 
ion ized  gas, and t h e  f o u r  substances w i l l  be t e s t e d  t o  com- 
pare t h e i r  e f f e c t i v e n e s s .  
f o r  f l i g h t  i s  125 pounds. 
To ta l  weight of t h e  two pods loaded 
-more- 
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Materials se l ec t ed  f o r  the experiment are f reon ,  water, 
argon and n i t rogen .  Thei r  bas ic  p r o p e r t i e s  d i f fe r ,  and the 
e f f e c t  of each on s i g n a l  recovery w i l l  be s tud ied .  The argon 
and n i t rogen  serve  a l s o  as pressure  sources  t o  expel  the 
f r e o n  and water from their  containers .  A timer and valve 
system c o n t r o l  release of t h e  materials i n  proper  sequence. 
-more- 
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The Langley Research Center experiment I s  a p a r t  of 
P r o j e c t  RAM -- the  i .ni tTals  s tand for Radio Attenuat ion 
Laun c h 
Beacon Explorer-C Pac t  Sheet 
On or about March 30, 1965 
NASA Wallops S t a t i o n ,  Wallops I s l and ,  Va. 
Four-stage Scout launch veh ic l e  
Apogee 
Perigee 
Inc l i  na t ion  
Period 
L i f e  t j-me 
We ir;ht 
Main S t ruc tu re  
670 s t a tu t e  miles  (1,080 k i lometers )  
620 s t a t u t e  mi les  (1,000 k i lometers )  
4 1  degrees 
One hour, 45 minutes 
O m  yea? 
132 pounds 
Octagon, 18 irichcs i n  diameter,  12 i nches  
high 
Appendaces Four solar panels ,  t e n  inches wide, .rive 
and one-half f e e t  long. 
TFJO s o l a r  pane ls  with f ive - foo t  long/whip 
a.ntennas,  two panels  with s h o r t  antennas.  
TWO s h o r t  e l e c t r o n  dens i ty  probes pro t rudjng  
f b m  top  and bottom of  main s a t e l l i t e  body. 
One s h o r t  command r e c e i v e r  antenna from 
main body. 
Power System 
1'0 wer Supp ly : Solar c e l l s  mounted on fou r i  pane ls  C h a r K i n E  
26 nickel-cadmium b 2 t t e r i e s  
Vo 1 tage : 24 v o l t s  unregula ted  
Power: 10 watts nominal power 
-13- 
Communications and d a t a  -handling system 
Telemetry: Three bas ic  u n i t s :  (1) 35-channel 
a m  l i t u d e  modulation (PAM) commutator, 
( 2 7  e i g h t  channel pu lse  du ra t ion  
modulation (PDM) commutator and (3 )  
seven telltale r e g i s t e r  func t ions  wi th  
pulse  code modulation (PCM) format.  
Transmit ter :  400 m i l l i w a t t s  a t  136.74 mc on a 
continuous basis 
Tracking : S t a t i o n s  of' the  world-wide Space Tracking 
and Data Acquis i t ion  Network (STADAN) 
operated by the Goddard Space F l i g h t  
Center.  
Scout Launch Vehicle 
Scout i s  a four -s tage  s o l i d  p rope l l an t  rocke t  capable of  
ca r ry ing  payloads of varying s i z e s  on o r b i t a l ,  space probe 
o r  r e -en t ry  missions.  It i s  72 feet long and weighs about 20 
tons at l i f t - o f f .  
Scout was developed by NASA's Langley Hesearch Center,  
Hampton, V a .  It i s  manufactured by Ling-Temco-Vought, Inc .  , 
Dal las .  
I t s  fou r  motors are in te r locked  w i t h  t r a n s i t i o n  s e c t i o n s  
which conta in  guidance, con t ro l ,  i n g i t i o n ,  ins t rumenta t ion  
systems, s epa ra t ion  mechanisms, and the  s p i n  motors requi red  
t o  s t a b i l i z e  the  fou r th  stage. Guidance i s  provided by a 
strapped-down gyro system and c o n t r o l  i s  achieved by a 
combination of aerodynamic sur faccs  , j c t  varies,  and hydtY>jl;c:i1- 
peroxide j c t s .  
- more - 
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Scout i s  capable of p lac ing  a 2i-CO-pound payload i n t o  a 
300-mile o r b i t  or o f  carl-ying a 100-pound s c i e n t i f i c  package 
7,000 miles ou t  from Ear th .  
Scout s tagcs  include the  fol lowing motors: 
F i r s t  stage:  Algol I I B  
- 105, ,000 pounds t h r u s t ,  burninp; 68 second;;. 
Second s tage:  Castor I 
Third stage: Antares (ABL X-259) 
Fourth s tage :  A l t a i r  (ABL X-258) 
- 62,000 pounds t h r u s t ,  burning '42 second:;. 
- 22000 pounds thrust, burning 36 seconds.  
- 5,000 p0;xnd.s t h r u s t ,  burning '24 seconds.  
The Beacon Explorer Team 
The following key o f f i c i a l s  a r e  respons ib le  f o r  thc BE-C 
s a t e l l j  t c  program: 
NASA Headquarters 
Dr. Homer E. N e w e l l ,  Associate Administrator for Space 
Science and Applicat ions 
Marcel J .  Aucremanne, Program Manager, Physics and 
Astronomy Divis ion ol' the Off i ce  of Space Science 
and Applicat ions (OSSA) 
Physics and Astronomy Divis ion of  OSSA 
Branch, Off ice  of Advanced Research arid Techno1oi);y 
J .  D. Rosenberg, Manager o f  Geodetic S a t e l l i t e  Prograni, 
D r .  John M. Walker, Chief of Communications and Track5ng 
KO €1. Chase , Lascr Pt>o.ject S c i e n t i s t ,  OAIIT 
- more - 
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Goddard Space Flight Center 
D r .  Harry J. Goett ,  Di rec tor  
D r .  John W .  Townsend, Jr., Associate Di rec tor ,  Off ice  
of  Space Science and S a t e l l i t e  Appl ica t ions  
Frank T. Martin, P r o j e c t  Manager 
Robert  E. Bourdeau, P ro jec t  S c i e n t i s t  
John T. Shea, P r o j e c t  Coordinator 
Larry H. Brace, E lec t ron  Density Experiment 
D r .  Henry H .  P lo tk in ,  Laser P r o j e c t  S c i e n t i s t  
Langley Research Center 
(Radio Attenuat ion Measurement Experiment) 
Pred L. Staggs,  Payload Manager; Henry Elksnin and' Wallace 
R ,  Conway, s t r u c t u r e s  engineers ;  O t i s  J. Parker,  systems engineer ,  
G i l b e r t  F. Van Zandt, instrumentat ion engineer .  
(Scout Launch Vehicle)  
Eugene D. Schul t ,  Head, Scout P r o j e c t  Off ice ;  Thomas 
!bore,  Payload Coordinator;  Paul E. Goozh, Scout P r o j e c t  
f i e l d  opera t ions  engineer ;  R.  Donald Smith, Scout propuls ion 
engineer ;  Albert  J .  Saecker, Langley Research Center Tes t  
D i r e c t o r .  
Wallops S t a t i o n  
L. A.  T e l e t s k i ,  Wallops S t a t i o n  P r o j e c t  Engineer 
Robert  T. Duffy, Wallops S t a t i o n  T e s t  D i rec to r  
- more - 
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Applied Physics Laboratory, Johns Hopkins University 
R. R. Newton, Scientific Investigator, Supervisor Space 
Research and Analysis Branch. 
Donald R. Biauco, Project Engineer, Space Research and 
Analysis Branch 
Participating Organizations 
University of Illinois 
Pennsylvania State University 
Stanford University 
Central Radio Propagation Laboratory, U.S. Bureau of Standards 
- end - 
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